This study was performed to determine the effects of dietary supplementation of Cu, Zn, Fe, Mn and Se on some haematological, immunological and enzymatic indices in blood of broilers at the age of 21, 35 and 42 days. The basal diets (BDs) for Groups 1 and 2 were supplemented with the equivalent amounts of trace elements in an inorganic form (Cu sulphate 5 mg·kg -1 DM, Fe sulphate, Zn oxide, Mn oxide 50 mg·kg -1 DM), however sodium selenite or selenized yeast (Sel-Plex) were given at a dose of Se 0.3 mg·kg -1 DM, respectively. Groups 3 and 4 received the same BD´s but with the substantially reduced amount of supplemented nutrients in the organic "proteinated" form (Bioplex Cu 2.5 mg·kg -1 DM, Bioplex Fe, Bioplex Zn, Bioplex Mn 10 mg·kg -1 DM), except for selenium that was given at a dose of Se 0.3 mg·kg -1 DM as sodium selenite or Sel-Plex, respectively. The supplementation of restricted doses of trace elements in the organic forms into the diet did not affect studied haematological, immunological, enzymatic indices. At the age of 21 days, the activity of GSH-Px was significantly higher in the groups supplemented with sodium selenite later no differences due to the administered form of Se were found. This indicates that the GSH-Px activity reached a plateau in all groups of broilers at the 21, 35 and 42 day, except for GSH-Px activity in the groups of birds supplemented with selenized yeast on day 21. In Addition, significant age dependent changes were observed in blood chemistry, but the different treatments did not influence these changes. Base on our results, the doses of organic forms of trace elements supplemented into the diets for poultry can be restricted to 50% (Bioplex Cu) and 20% (Bioplex Fe, Bioplex Zn and Bioplex Mn) without influencing the blood chemistry of broilers.
During the last decades, the diets for broilers have been routinely supplemented with trace elements in the form of inorganic salts to avoid mineral deficiency. Based on the facts that organic "proteinated" forms of trace elements have at least 30% higher bioavailability (Leeson and Caston 2003) and their excretion from the organism of bird via feces is significantly lower than their inorganic salts (Nollet et al. 2005) , the use of organic forms of trace elements in the poultry nutrition has been suggested.
The recent experiments performed on broilers showed that the supplementation of diets with the substantially reduced doses of trace elements (Cu, Fe, Zn and Mn) in the organic forms has the same effect on the growth performance of broilers (Peric et al. 2006; Nollet et al. 2007 and and on their concentration in the muscles (Petrovič et al. 2010) as the feeding of diets with the recommended doses of their mineral salts. However, selenized yeast is able to build significant Se deposits in the muscle of poultry compared to sodium selenite (Kuricová et al. 1999; Sevcikova et al. 2006; Petrovič et al. 2006; Petrovič et al. 2010) .
Some trace elements (especially Cu, Zn and Se) markedly influence humoral and cellular immunity (Sandstead 1994; Allgöwer et al. 1995) . It is well known that deficiency of trace elements decreases the antibody production, T cell proliferation response to mitogens, neutrophil function and the natural killer cell activity (Chandra and McBean 1994) . Fekete and Kellems (2007) found that a lack of copper, iron, zinc and selenium in the animal organism is associated with signs of immunodeficiency. In addition, the trace elements (Cu, Zn. Fe, Mn and Se) are involved in the metabolic activities via metalloenzymes (Cu-Zn SOD, Mn SOD, Catalase, GSH-Px, etc.) which are essential for the antioxidant protection of cells in poultry . For these reasons, it is questionable whether a reduced intake of trace elements in diet can significantly affect the haematological, immunological and enzymatic indices in blood of broiler chickens at different phases of their life.
The aim of this study was to determine the effect of dietary supplementation of Cu, Zn, Fe, Mn and Se on selected haematological, immunological and enzymatic indices in blood of broiler chickens Ross 308 at the age of 21, 35 and 42 days.
Materials and Methods

Animals, diets and treatments
Two hundred unsexed Ross 308 broilers were randomly divided on the day of hatching into 4 groups (n = 50 per group) and were fed for 42 days diets containing different amounts and forms of Cu, Fe, Zn, Mn and Se. The diets were fed ad libitum during the whole experimental period. The broiler feed "Starter" was fed until day 21, the broiler feed "Grower" until day 35 and the broiler feed "Finisher" until day 42, respectively. Bioplex Cu, Bioplex Fe, Bioplex Zn, Bioplex Mn and Sel-Plex were purchased from Alltech Inc., Belgium. Feeds were produced at Research Diets Services (RDS), Wijk bij Duurstede, The Netherlands. All premixes were fortified with phytase and xylanase, and a coccidiostatic preparation was added into the diets fed until day 35. The composition of all diets is presented in On day 1 after hatching, the broilers were placed in one-level cages. The lighting regime was 23L:1D till the end of the experiment. The initial room temperature of 32 °C was reduced every week by 3 °C to final 22-23 °C. All birds had free access to feed and water. From day 2 to day 5 of life, the chickens received an antibiotic (Enroxyl 5% premix, UNI Biotech) at the dose 0.5 ml per l -1 and the Newcastle disease virus vaccine (AVIPEST Lyof., Mevak a.s.) was administered on day 18. Both preparations were given into the drinking water. The protocol was approved by local Ethics Committee.
Sample analysis
The blood indices (haemoglobin, red blood cell count, mean corpuscular haemoglobin value, white blood cell (WBC) count were assessed by the blood counter (ABC VET 16p, Trigon s.r.o.). The lymphocytes and neutrophils were counted per 100 WBC in a Burker chamber. The antibodies against the Newcastle disease virus and egg drop syndrom were detected by haemagglutination-inhibition test. The antibodies against the infectious bursal disease virus, infectious bronchitis virus, avian reovirus, Mycoplasma gallisepticum and Mycoplasma synoviae were examined using the enzyme-linked immunosorbent assay (ELISA) kits (BioChek, Gouda, Holland). Salmonella pullorum antibodies were determined by quick slide agglutination test.
The metabolic activity of phagocytes (index of metabolic activity of phagocytes) during phagocytosis was determined on the base of quantitative evaluation of iodo-nitro-tetrazolium reductase activity of phagocytes according to method described by Goldová et al. (2001) . The lymphoproliferation test (stimulation index of lymphocytes) is a colorimetric immunoassay used to quantify cell proliferation. This method is based on the measurement of 5-bromo-2-deoxyuridine (BrdU) incorporation into the lymphocytes during the synthesis of DNA (Cell Proliferation ELISA Kit, BrdU-colorimetric, Roch Diagnostics, GmbH, Germany). The optical density was measured at 450 nm by ELISA-multiwell reader (BIO-RAD Laboratories, Inc.,USA). The stimulation index of lymphocytes was calculated on the basis of the ratio of absorbance of the stimulated cells to the non-stimulated cells (Barta et al., 1992) .
The standard kits from Randox, UK were used to determine the activities of aspartate aminotransferase (AST, EC 2.3.1.1), alanine aminotrasferase (ALT, EC 2.6.1.2), gamma glutamyltransferase (γGT, EC 2.3.2.2), alkaline phosphatase (ALP, EC 3.1.3.1), lactate dehydrogenase (LDH, EC 1.1.1.27) and creatine phosphokinase (CPK, EC 2.7.3.2), in the blood serum. Activity of blood glutathione peroxidase (GSH-Px, EC 1.11.1.9) was determined using the Ransel kit (Randox, UK). Haemoglobin (Hb) content of blood and superoxide dismutase (SOD, EC 1.15.1.1) activities (Arthur and Boyne, 1985) in erythrocytes were analyzed using kits from Randox, UK. All studied enzymatic indexes were determined by automatic spectrometer Alizé (Lisabio, Fr.).
Statistical analysis
One-way analysis of variance (ANOVA) with the post hoc Tukey's multiple comparison test was used for the statistical analysis between the experimental groups on days 21, 35 and 42 of age. Significant changes within each treatment were found by the paired Student's t-test comparing day 21 vs. day 35, and day 35 vs. day 42. The statistical software GrafPad Prism, Version 4.00 (2003) was applied in both cases.
Results and Discussion
The feeding of diet supplemented with substantially reduced doses of nutrients in the organic form has the same effect on all studied haematological indexes and the titres of antibodies against the infectious agents of poultry in the blood serum of broilers at the age of 21, 35 and 42 days as the feeding of regular doses of trace elements in the forms of their mineral salts (Tables 2 and 3) .
Microelements contribute to the immunocompetence of organism (Munoz et al. 2007 ). As mentioned above, the higher bioavailability of the organic forms of the elements could be taken as a possible explanation of our findings. Ševčíková et al. (2005) found an improved immune response of chickens fed a diet supplemented with inorganic as well as organic form of selenium. Similarly, no differences were observed in the assessed immunological indices in our experiment due to the form of Se administered in the diet for broilers at the age of 21, 35 and 42 days. Moreover, supplementation of the diets for broilers with substantially reduced doses of trace elements (Cu, Zn, Fe and Mn) in the proteinated forms had the same effect on the haematoligical and immunological indices as the feeding of diets with recommended doses of their inorganic salts.
Age dependent changes in some of the studied haematological and immunological indices were found in our experiment, nevertheless these changes were not affected by the different dietary treatment (Tables 2 and 3 ). Red blood cell and white blood cell counts were significantly increased at the 42 nd day compared to the 35 th day of life of broilers, whereas a significant increase in the mean corpuscular haemoglobin concentration was found between the earlier samplings. We can predict that the increased saturation of erytrocytes with Hb and the subsequent increase of RBC count (probably caused by the elevated erytropoesis) reflect the reaction of organism to the intensive growth performance of broilers during the final phase of fattening (Petrovič et al. 2010) . On the other hand, the Newcastle disease virus (NDV) vaccine applied on the 18 th day of life of broilers caused a significant increase in the titres of antibodies against NDV at the 35 th and 42 nd day of life. The titres of infectious bursal disease virus (IBDV) antibodies significantly increased in the blood serum of broilers at the day 21 in comparison to the day 35, although we did not vaccinate the birds against this disease. Our explanation is based on the transovarial transfer of maternal antibodies into egg yolk (Lasher and Shane 1994) , as a result of routine vaccination of Results are presented as mean ± S.D., n = 15 Significant differences at the day 21 vs. day 36, and the day 36 vs. day 42 (*P < 0.05; **P < 0.01; ***P < 0.001) a IMA -index of metabolic activity of phagocytes (ration of heterophils with and without phagocyted starch), b SI -stimulation index of lymphocytes (ration of stimulated to non-stimulated cells) At the day 21, the activity of blood glutathione peroxidase (GSH-Px) was found to be significantly higher in chickens supplemented with Na 2 SeO 3 compared to selenized yeast, thereafter no differences due to the form of Se administered were found, indicating that the GSH-Px activity reaches a plateau in all groups of broilers (Fig. 1) . The deficiency of Cu, Zn, Fe and Se significantly influences the activity of antioxidant enzymes (GSH-Px and superoxide dismutase) and lipid peroxidation in the erytrocytes of broilers . Furthermore, it is well known that sodium selenite as well as selenized yeast "selenomethionine" must be split to selenide (H 2 Se) before selenocysteine is de novo synthetized and subsequently specifically incorporated into the active center of selenoenzymes (Schrauzer 2000) . The significantly elevated GSH-Px activity in blood of broilers receiving diets enriched with the organic form of Se was found only at the day 35 vs. day 21. It could 61 Results are presented as mean titers of antibodies, n = 6 Significant differences at the day 21 vs. day 36, and the day 36 vs. day 42 (***P < 0.001) Values are means ± S.D., n = 15 in each group. Distinct letters and signs above columns mean significant differences between the treatments at the age of 21, 35 and 42 days ( XY P < 0.001) and the statistical differences between the groups of chickens at the day 21 vs. day 35 and the day 35 vs. day 42 (***P < 0.001).
confirm the hypothesis that a large portion of absorbed SelPlex escaping from degradation to H 2 Se is non-specifically incorporated into the structural proteins of muscles. In addition, Petrovič et al. (2010) found in the same experiment that the concentration of Se in the breast and thigh muscles was significantly increased in groups of broilers fed selenized yeast compared to sodium selenite, and age dependent changes of this index were found in both muscles only between the 1 st vs. 2 nd sampling. Similarly, no significant differences were shown in the form of selenium supplemented and GSH-Px activity in blood of adult poultry (Kuricová et al. 1999; Petrovič et al. 2006 ). Contrary to our findings, Wang and Xu (2008) found that the activity of GSH-Px in plasma was significantly higher (P < 0.05) in young broiler chickens fed selenized yeast compared to sodium selenite.
No differences were observed in the activities of AST, ALT, γGT, ALP, LDH, CPK between the groups of broilers at the age of 21, 35 and 42 days. The activity of AST and ALT in blood was influenced by the form of selenium (Peric et al. 2009 ) when supplemented individually in poultry diet. Only age dependent changes in the activity of AST, ALP, LDH and CPK were found in our experiment (Table 4) . A decreasing trend in the activity of ALP and an increasing Table 4 . The effects of supplementation of the diet with different form and amount of Cu, Fe, Zn, Mn and Se on the activities of aspartate aminotransferase (AST), alanine aminotrasferase (ALT), gamma glutamyltransferase (γGT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and creatine phosphokinase (CPK) in the blood serum of broiler chickens at the day 21, 35 and 42.
Results are presented as mean ± S.D., n = 15 Significant differences at the day 21 vs. day 36, and the day 36 vs. day 42 (***P < 0.001) Enzymes (µkat·l tendency in the activity of AST, LDH and CPK in the blood plasma between the samplings were observed. These changes could have a close relation to the higher amount of Cu and Mn in the breast and thigh muscles on day 21 of life compared to the birds aged 42 days that were included in the same study (Petrovič et al. 2010) . All these changes can reflect a notable development of parenchymatous organs and the bones of broilers as well as higher efficiency of lipid metabolism in the first 3 weeks of their life. The close relations between the lower amount of Cu and Mn associated with the decreasing metabolism of lipids in the organism of chickens were demonstrated by Kaya et al. (2006) and Lu et al. (2006 and , respectively. Wiese et al. (1939) and Combs et al. (1942) found that the manganese and phosphatase activity play an interdependent role in the development and growth of bones of broilers. Significantly higher concentration of Mn in the breast and thigh muscles (P > 0.001) between the 1 st vs. 2 nd sampling was reported in the same study published previously (Petrovič et al. 2010 ). This was accompanied by significantly elevated activity of ALP in the blood serum of broilers at the day 21 compared to the day 35. It indicates that both aforementioned processes are very efficient in the first 3 weeks of the broiler's life.
In conclusion, restriction of the amounts of Cu, Fe, Zn and Mn supplemented in diet in the proteinated form had the same effects on the examined haemathological, immunological and enzymatic indices (except for GSH-Px) in the blood serum of broilers at the 21 st , 35 th and 42 nd day of life as the feeding of diet with recommended doses of these trace elements in the form of their inorganic salts. No differences due to the form of Se administered were found in these indices. The activity of GSH-Px was significantly higher in the groups of birds supplemented with sodium selenite only at the 21 st day of life, thereafter no differences in this index were found indicating that the GSH-Px activity reaches a plateau in all groups of broilers. On the other hand, age-dependent changes were observed in some of the studied indices, but the different dietary supplementation did not influence these changes within the experimental groups.
Vplyv suplementácie stopových prvkov do diéty na sledované krvné, imunologické a enzymatické ukazovatele v krvi v závislosti na veku broilerových kurčiat Štúdia sa zaoberá vplyvom dopĺňania Cu, Zn, Fe, Mn a Se do diéty na sledované hematologické, imunologické a enzymatické ukazovatele v krvi broilerových kurčiat vo veku 21, 35 a 42 dní. Diéta pre prvú a druhú skupinu bola suplementovaná rovnakým množstvom anorganických foriem prvkov (síran meďnatý 5 mg·kg -1 sušiny, síran železnatý, oxid zinočnatý, oxid manganistý 50 mg·kg -1 sušiny), kým Se bol dotovaný ako seleničitan sodný (1. skupina) alebo selenizované kvasnice (2. skupina) v dávke 0.3 mg·kg -1 sušiny. Kŕm-na dávka pre tretiu a štvrtú skupinu bola tvorená rovnakou bazálnou diétou, ale organické formy stopových prvkov boli podávané v značne znížených množstvách (Bioplex Cu 2.5 mg·kg -1 sušiny, Bioplex Fe, Bioplex Zn, Bioplex Mn 10 mg·kg -1 sušiny). Selén bol podá-vaný v rovnakej dávka a formách ako prvým dvom skupinám broilerových kurčiat. Suplementácia diéty zníženými dávkami organických foriem stopových prvkov mala rovnaký efekt na sledované hematologické, imunologické a enzymatické indexy, ako skrmovanie diéty dopĺ-ňanej doporučovanými dávkami ich anorganických solí. Vo veku 21 dní bola aktivita GSHPx významne vyššia v skupinách broilerov kŕmených diétou suplementovanou seleničitanom sodným (P > 0,001), potom už nebol zistený žiaden vplyv dopĺňanej formy Se na aktivitu GSHPx. To naznačuje, že GSH-Px bola plne saturovaná selénom na 21., 35. a 42. deň experimentu, s výnimkou 21. dňa v oboch skupinách suplementovaných selénizovanými kvasnicami. Okrem toho, boli zistené významné na veku závislé zmeny v sledovaných krvných ukazovateľoch, ktoré ale neboli ovplyvnené nami podávanými diétami. Na základe získaných výsledkov môžeme konštatovať, že dávky organických foriem stopových prvkov dopĺňaných do diéty pre broileri môžu byť zredukované na 50% (Bioplex Cu) a 20% (Bioplex Fe, Bioplex Zn and Bioplex Mn) bez ovplyvnenia študovaných krvných parametrov.
